Vibrational properties of composites based on single-walled carbon nanotubes (SWNTs) and conducting polymers of the type polyaniline (PANI) and poly (3,4-ethylene dioxythiophene) (PEDOT) are reported. For PANI-functionalized SWNTs, the intensity increase of the Raman band at 178 cm -1 , associated with radial breathing modes of SWNTs bundles, indicates an additional roping of nanotubes due to the presence of the polymer. The interaction of this composite with NH 4 OH solution involves an internal redox reaction between PANI and SWNTs. Thus, the polymer chain undergoes a transition from the semioxidized state into a reduced one. The functionalization of SWNT side walls with PEDOT is invoked as well.
INTRODUCTION
Many efforts have been made to combine carbon nanotubes (CNTs) and polymers to produce functional composite materials with improved properties. [1] [2] [3] The detailed investigation of conducting polymer/carbon nanotubes (CP/CNTs) composites is nowadays of great interest. These materials have applications in different fields such as supercapacitors, sensors, photovoltaic cells and photodiodes, optical limiting devices, solar cells, high resolution printable conductors, electromagnetic absorbers and last but not least advanced transistors.
The preparation of composites requires to qualify the type of the interaction between the host matrix and the guest nanoparticles. In CP/CNTs composites, it has been shown that either the polymer functionalizes CNTs 4,5 or the CPs are doped with CNTs, when a charge transfer between the two constituents takes place [5] [6] [7] . Three routes are used to prepare CP/CNTs composites: direct mixing of the CP with CNTs, chemical synthesis of the CP in the presence of CNTs and electropolymerization of monomers on the CNTs film. In this paper, we show by Raman and FTIR spectroscopy that the last method is the most efficient route to achieve the functionalization of SWNTs with CPs.
potential ranges (-200; +700) and (-800; +800) mV vs. SCE, respectively at a sweep rate of 100 mV s -1 . The de-doping of the PANI-ES film was achieved with NH 4 OH.
Electrochemical measurements were carried out using a potentiostat / galvanostat type Princeton Applied Research (PAR), model 173, a PAR pulse generator, model 175 and a
Philips-type X-Y recorder. SERS studies were performed in a backscattering geometry, under laser excitation wavelengths 1064 and 676.4 nm, using a RFS 100 FT Raman Bruker spectrophotometer and a Jobin Yvon T64000 Raman spectrophotometer, respectively. FTIR spectra were acquired with a Bruker IFS 28 spectrophotometer. Besides, for the first 25 cyclic voltammetry curves, a linear proportionality between the oxidation and reduction peak current and the scan rate was found, showing characteristics of thin layer electrochemical behavior. The presence of the thin layer of PANI on the CNT film is well put en evidence in Fig. 2 , curve 2. The Raman spectrum of the SWNT film is shown in ; ii) significant variations in the range 900-1780 cm -1 , which concern both PEDOT and SWNTs. In an up-shift of the D band from 1275 to 1300 cm -1 and iii) the appearance of a new Raman band in the spectrum range 1600-1750 cm -1 . We think that the modifications mentioned above can be explained on the base of a functionalization of SWNTs side-walls with PEDOT. This assumption is supported by Raman data recently reported on SWNTs. 13, 14 Generally, the functionalization of SWNTs involves a gradual increase of defects on nanotubes. They induce an up-shift in the RBM region 13 and an increase in the relative intensity of the lines at 1555
RESULTS AND DISCUSSION
and 1525 cm -1 , the later being assigned to an E 3 symmetry disorder-induced peak, 14 features also presented in Fig. 5 . Taking all these results into account, significant changes of the Raman lines which compose the G band suggest a functionalization of SWNTs side-walls with the polymer. This can also explain variations of the spectral features of PEDOT from the 943 -988 and 1100-1136 cm -1 spectral ranges which originates in the strong steric hindrance effects induced by the functionalization of SWNTs with polymer.
CONCLUSIONS
The main results are summarized as follows: i) the covalent functionalization of 
